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© A method of handover and route diversity in a 
mobile radio communication which is less time con- 
suming and capable of improving the frequency 
spectrum utilization efficiency and securing the high 
quality of service regardless of the moving speed of 
the mobile station. In the method, a loop transmis- 
sion line (115 to 119) by which each base station 
(102 to 105) is connected with neighboring base 
stations is provided; a handover information is trans- 
mitted through the loop transmission line (115 to 



119), where the handover information is relayed by 
each base station from one of the neighboring base 
stations to another one of the neighboring base 
station; and the handover of a communication of a 
mobile station (110) from one traffic channel of one 
base station to an idle traffic channel of another base 
station is carried out by using the handover informa- 
tion transmitted through the loop transmission line 
(102 to 105). The method can also be applied to a 
route diversity reception. 
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(57) Abstract 

A base station subsystem in a cellular radio sys- 
tem comprises as telecommunication apparatus base trans- 
ceiver stations (201, 301, 302, 303, 304, 301\ 304', 401, 
402, 403, 404) and a base station controller (202, 306, 
405) as well as a transmission system (203, 305, 406) to 
realize data communication between the telecommunica- 
tion apparatus. A telecommunication apparatus comprises 
a transmission unit (307, 506, 603) to connect it with the 
transmission system. It also comprises an interface (204, 
308, 508, 605) to a public switched telephone network 
(205, 509) in order to realize data communication between 
it and a second telecommunication apparatus in the base 
station subsystem via the public switched telephone net- 
work. The telecommunication apparatus is adapted so as 
to operate in at least two mutually alternative states (701, 
702, 703) with respect to the communication between it 

and the second telecommunication apparatus. In the first state (701) a connection via the public switched telephone network between said 
two telecommunication apparatus in the base station subsystem is not in use, and in the second state (702, 703) a connection via the public 
switched telephone network between said two telecommunication apparatus in the base station subsystem is in use. 
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Implementation of additional and/or backup capacity in base 
station transmission 

5 The invention relates to the realization of data communication between a base 
transceiver station and other network elements in a cellular radio system. 

A base station subsystem (BSS) in a digital cellular radio system comprises base 
transceiver stations (BTS) and a base station controller (BSC) which controls sev- 

10 eral base transceiver stations simultaneously. Fig. 1 shows a known base station 
subsystem which comprises a base station controller 100 and three base transceiver 
stations 101, 102 and 103. In the system depicted, the communications links bet- 
ween the base station controller 100 and base transceiver stations 101, 102 and 103 
are realized using the so-called star topology where separate communications links 

15 branch at the base station controller 100 to each of the base transceiver stations 101, 
102 and 103. Other known connection topologies include the tree topology, in 
which a trunk line starting from the base station controller branches from a base 
transceiver station to another, and the ring topology in which the base transceiver 
stations and the base station controller are interconnected so as to form a ring-like 

20 system. Various combinations and modifications of these basic topologies are also 
used. A system that provides for the internal communications links in a base station 
subsystem is called a transmission system. The base transceiver stations and base 
station controller may be called collectively telecommunication apparatus in the ba- 
se station subsystem. 

25 

Physically the communications links in a transmission system may be wired links, 
fiber-optic cable links, directional microwave links or combinations of these. In 
areas with a high density of base transceiver stations and heavy loading on the cel- 
lular radio system, sufficient cable and/or microwave link capacity should be re- 

30 served for the transmission system's communications links to realize a transmission 
network dedicated for that particular purpose. In a known implementation the bit 
rate of the transmission system is 2048 kbps or its multiple, and its capacity is time- 
divided into 32 time slots which may be allocated to base transceiver stations in va- 
riable quantities. If however a base transceiver station is located very far away from 

35 the base station controller, or traffic via that base transceiver station is at a low le- 
vel, it may be more cost-effective to use a ready-built communications system such 
as the ISDN (Integrated Services Digital Network) to realize a data connection bet- 
ween the base transceiver station and base station controller. Finnish Patent Ap- 
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plication FI-940034 discloses an arrangement for using an ISDN link for the com- 
munication between base transceiver stations and a base station controller. 

The problem with the transmission systems according to the prior art is the difficulty 
5 of dimensioning the capacity such that on the one hand, there will be enough capaci- 
ty for peak traffic but, on the other hand, extra capacity should not result in unneces- 
sary costs for the operator responsible for the operation of the cellular radio system. 
The problem of extra capacity is aggravated if it is required that the transmission 
system shall have redundant communications capacity in case an individual link 
10 fails. 

An object of the present invention is to provide a method and apparatus for realizing 
, the internal data communication in a base station subsystem in such a manner that 
the disadvantages of the prior art described above are avoided. Another object of the 
15 invention is to provide a method and apparatus for realizing data communication in 
a flexible manner adaptable to various ;Communications needs. 

The objects of the invention are achieved by using as a redundant and/or additional 
capacity another digital transmission path, preferably an ISDN connection. 

20 

A base station subsystem according to the invention is characterized in that it com- 
prises in at least two telecommunication apparatus an interface to a public switched 
telephone network in order to realize data communication between said two tele- 
communication apparatus, whereby these two telecommunication apparatus, as re- 
25 gards their mutual communication, are adapted so as to function in at least two mu- 
tually alternative states in the first of which the connection between these two tele- 
communication apparatus via the public switched telephone network is not in use, 
and in the second of which the connection between these two telecommunication 
apparatus via the public switched telephone network is in use. 

30 

The invention is also directed to a base transceiver station and base station control- 
ler which are characterized in that they comprise an interface to a public switched 
telephone network in order to realize data communication via the public switched 
telephone network between telecommunication apparatus of a base station subsys- 
35 tern, whereby they are adapted so as to function, as regards their mutual communi- 
cation, in at least two mutually alternative states in the. first of which the connection 
via the public switched telephone network is not. in use, and in the second of which 
the connection via the public switched telephone network is in use. 
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Furthermore, the invention is directed to a method for realizing data communication 
in a base station subsystem. The method according to the invention is characterized 
in that the functional state of the mutual communication of at least two telecommu- 
5 nication apparatus is switched between at least two mutually alternative states in the 
first of which there is no data connection between these two telecommunication ap- 
paratus via a public switched telephone network, and in the second of which there is 
a data connection between these two telecommunication apparatus via a public swit- 
ched telephone network. 

10 

In accordance with the invention, a dedicated transmission system and the use of a 
connection provided by a public telecommunication network are not mutually ex- 
clusive options for the internal data communication in a base station subsystem but 
they can be used to complement each other. A base transceiver station and base sta- 
15 tion controller may comprise means for establishing a mutual ISDN connection or 
another suitable connection when needed, e.g. when the need for capacity exceeds a 
predetermined limit value or when data communication via another route has been 
temporarily prevented. Since such a connection is used only when needed, it causes 
no. unnecessary operating costs. 

20 

One connection type which is especially weir suited to be used iii accordance with 
the invention is an ISDN connection. In that case the base transceiver station and 
base station controller have an ISDN basic-rate connection through which they can 
be connected to an ISDN local exchange. The establishment, use and termination of 

25 the connection are carried out in the same way as in the case of an ordinary digital 
telephone connection. An ISDN basic-rate connection uses two 64-kbps traffic 
channels and one 16-kbps signaling channel. Especially in a base station controller it 
may be more advantageous to use an ISDN system connection which has the speed 
of 2048 kbps and to which several traffic and control channels can be connected. 

30 Then the base station controller may have simultaneous ISDN connections with a 
plurality of base transceiver stations. 

The invention is below described in more detail referring to the preferred embodi- 
ments presented by way of example and to the attached drawing in which 

35 

Fig. 1 shows a known base station subsystem, 
Fig. 2 illustrates the principle of the invention, 

Fig. 3a shows an application of the invention in a base station subsystem, 
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4 

shows a second application of the invention in a base station subsystem, 
shows a third application of the invention in a base station subsystem, 
shows a base transceiver station according to the invention, 
shows a base station controller according to the invention, and 
illustrates in the form of state diagram an embodiment of the method ac- 
cording to the invention. 

Above in connection with the description of the prior art reference was made to Fig. 
1, so below in the description of the invention and its preferred embodiments refer- 
10 ence.will be made mainly to Figs. 2 to 7. Like elements in the drawing are denoted 
by like reference designators. . ' . 

Fig. 2 shows an advantageous principle for applying the invention between a base 
transceiver station 201 and base station controller 202. In this embodiment of the 

15 invention the primary transmission .connection, is a 2048-kbps wired connection 203 
or radio link which are in accordance with the prior, art as such. To provide addi- 
tional and/or redundant transmission capacity both the base transceiver station 201 
and base station controller 202 have an ISDN basic-rate connection block 204 with 
a wired connection to the public switched telephone network (PSTN) 205, If the ca- 

20 pacity provided by the wired connection 203 is not enough or connection 203 is for 
some reason or another cut off, a bi-directional ISDN connection is set up between 
the basic-rate connection blocks 204 via the public switched telephone network 205. 
As regards the invention, it is not essential which device initiates the ISDN connec- 
tion, but in order to arrange the operation in an unambiguous manner it is advanta- 

25 geous that the situations in which a device may take active measures to establish an 
ISDN connection are specifically defined for both the base transceiver station and 
base station controller. 



Fig. 3b 
Fig. 4 
Fig. 5 
Fig. 6 
5 ..Fig. 7 



Fig. 3a shows a base station subsystem 300 applying the invention. Base transceiver 
30 stations 301, 302, 303 and 304 are connected into a ring by means of a known 
transmission system 305 proper, which may be e.g. a 2048-kbps wired system or a 
radio link based system and to which a base station controller 306 is also connected. 
Each base transceiver station and the base station controller has a transmission unit 
307 for connection with the transmission system 305 proper. The base transceiver 
35 stations also include an ISDN basic-rate connection block 204 through which each 
base transceiver station may establish an ISDN connection via the public switched 
telephone network 205. The base station controller 306 includes an ISDN system 
interface block 308. In the system depicted by Fig. 3a it is possible to establish an 
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ISDN connection between the base station controller 306 and any base transceiver 
station 301, 302, 303 or 304 independent of the other base transceiver stations; as 
the capacity of the ISDN system interface is more than tenfold compared to the ca- 
pacity of a single ISDN basic-rate connection, it is indeed possible that the base sta- 
5 tion controller have an ISDN connection with all the base transceiver stations si- 
multaneously. 

The invention does not require that all base transceiver stations in a given base sta- 
tion subsystem can establish an ISDN connection. Fig. 3b assumes that base trans- 
1Q ceiver stations 302 and 303 are located in an area where the occurrence of traffic 
peaks is more likely than in the area of base transceiver stations 301' and 304', so 
only base transceiver stations 302 and 303 are equipped with ISDN facilities. 

Fig. 4 shows an embodiment of the invention where base transceiver stations 401, 

15 402, 403 and 404 are located far away from base station controller 405. A transmis- 
sion system 406, which may be a kiiown transmission system, interconnects the base 
transceiver stations 401, 402, 403 and 404 in a ring system and also comprises a 
connection from base transceiver station 404 to base station controller 405. That 
connection is backed up in such a manner that both base transceiver station 404 and 

20 base station controller 405 include an ISDN system interface block 308; base trans- 
ceiver station 404 could also include an ISDN basic-rate connection block. The re- 
dundant connection between base transceiver station 404 and base station controller 
405 is activated as needed by establishing a communications link via the public 
switched telephone network 205. > 

25 ■ - 

Fig. 5 shows a base transceiver station 500 according to the invention which com- 
prises in a known manner an antenna 501, duplexing unit 502, a plurality of trans- 
ceiver blocks 503, data bus 504, control block 505 and a transmission unit 506. The 
latter is used to connect, the base transceiver station 500 to the transmission system 

30 507 of the base station subsystem. In accordance with the invention the base trans- 
ceiver station 500 includes an ISDN basic-rate connection block 508 through which 
the base transceiver station 500 is connected to the public switched telephone net- 
work 509. Since the channels 2 x 64 kbps + 16 kbps of the ISDN 'basic-rate connec- 
tion are not necessarily compatible with the cellular radio system's traffic and con- 

35 trol channels handled by the transceiver blocks 503 and control block 505, there is 
between the ISDN basic-rate connection block 508 and data bus 504 a multiplexing 
block 510 which correctly multiplexes the data of the uplink traffic and control 
channels, read from the data bus 504, into the ISDN basic-rate channels and, on the 
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other hand, demultiplexes the downlink traffic and control channel data from the 
ISDN basic-rate channels and writes them in the correct order to the data bus 504. 
The read and write order on the data bus 504 as well as the timing of the operation 
of the various blocks are controlled by the control block 505 which generates the 
5 . necessary clock pulses. To control the operation of the various blocks the base 
transceiver station 500 may include one or more control buses (not shown) inter- 
connecting the blocks. 

Multiplexing and demultiplexing of channels, realization of channel rate adaptations 
10 and the block operation control measures needed in the operation described above 
are known to a person skilled in the art and are therefore not described in more de- 
tail in this patent application. The control, block 505 comprises the necessary storage 
capacity to store either in advance or during the operation in the form of computer 
program the necessary instructions which the control block 505 executes to carry out 
15 its tasks. , 

Fig. 6 shows a base station controller 600 according to the invention. Block 601 rep- 
resents all the base station controller components that are needed in the processing 
of data on the cellular radio system's traffic and control channels and in the control- 

20 ling of the operation of base transceiver stations in a known manner, including, for 
example, channel allocation . and release, transmission power adjustments, loading 
control at various base transceiver stations, and handovers. Block 601 has a data 
connection 602 according to the so-called A interface or Iu interface to a cellular 
radio system switching center (not shown). Transmission unit 603 connects the base 

25 station controller in a known manner to the transmission system 604 of the base sta- 
tion subsystem. In accordance with the invention the base station controller 600 
comprises an ISDN interface block 605 which may be a basic-rate connection block 
or system interface block, depending on how large a capacity is required of the 
ISDN connection 606. A multiplexing block 607 is responsible for the same or cor- 

30 responding tasks as the base transceiver station multiplexing block 510 shown in 
Fig. 5. 

Fig. 7 illustrates in the form of a simplified state diagram the method according to 
the invention which in this form may be applied in both a base transceiver station 
35 and base station controller. In the base state 701 communication via the base station 
subsystem's transmission system proper is normal, i.e. there is enough capacity and 
the connection is not cut off. Transition to partial ISDN state 702 takes place if the 
transmission system is functioning faultlessly but the capacity starts to run out. In 
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the partial ISDN state data are transferred using both the transmission system proper 
and the ISDN interface, and a transition back to the base state may occur if the 
amount of data transferred drops. Some sort of hysteresis is advantageously applied 
to the transitions between states 701 and 702 in order to prevent repeated state tran- 
5 sitions back and forth in case the amount of data transferred fluctuates around the 
limit specifying whether or not the capacity of the transmission system proper suf- 
fices. Full ISDN state 703 is taken into use if the connection via the transmission 
system proper becomes badly disrupted or is cut off. Then all communication will 
take place via the ISDN connection until the transmission system proper is : restored, 
10' whereafter the device returns to the base state 701. If the transition to the full ISDN 
state was made from state 702 and the loading was not reduced during state 703, it is 
of course possible that having returned to the base state 701 the device very quickly 
enters the partial ISDN state 702. 1 ' 

15 If it is desired to apply the invention just to protect a connection against distur- 
bances, it is possible to use a method which is otherwise like that shown in Fig. 7, 
but excluding state 702 and the transitions to and from it. 

Above, the connection according to the invention established via the public swit- 
20 ched telephone network was called an ISDN connection. This however does not me- 
an that the invention cannot just as well be applied to other digital communications 
links routed via the public switched telephone network. At the moment of this wri- 
ting, the ISDN is probably the most advantageous option available. The em- 
bodiments described above do not limit the invention but are presented so as to pro- 
25 vide examples of possible applications of the invention. One modification within the 
scope of the invention is a system in which a base transceiver station may establish a 
connection with a base station controller of an entirely other base station subsystem 
if its own base station controller becomes faulty or suffers from limited functionali- 
ty. 
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Claims 

1. A telecommunication apparatus (500, 600) of a base station subsystem to be 
used in a cellular radio system's base station subsystem which comprises 

-as telecommunication apparatus, base transceiver stations (201, 301, 302, 303, 
5 304, 301 \ 304', 401, 402, 403, 404) and a base station controller (202, 306, 405) 
and 

a transmission system (203, 305, 406) to realize data communication between the 
telecommunication apparatus, 

which telecommunication apparatus comprises a transmission unit (307, 506, 603) 

10 to connect it to a transmission system, 

characterized in that it also comprises an interface (204, 308, 508, 605) to a public 
switched telephone network (205, 509) to realize data communication via the public 
switched telephone network between it and a second telecommunication apparatus 
in the base station subsystem, whereby, as regards the data communication between 

15 these two telecommunication apparatus, the telecommunication apparatus is adapted 
so as to operate in at least two mutually alternative states (701, 702, 703) in the first 
of which (701) the connection via the public switched telephone network between it 
and the second telecommunication apparatus in the base station subsystem is not in 
use, and in the second state of which (702, 703) the connection via the public 

20 switched telephone network between it and the second telecommunication apparatus 
in the base station subsystem is in use. 

2. A telecommunication apparatus according to claim 1, characterized in that 
said interface (204, 308, 508, 605) to a public switched telephone network (205, 
509) is an ISDN interface. 

25 3. A telecommunication apparatus according to claim 2, characterized in that 
spid interface to a public switched telephone network (205, 509) is an ISDN basic- 
rate interface (204). 

4. A telecommunication apparatus according to claim 2, characterized in that 
said interface to a public switched telephone network (205, 509) is an ISDN system 

30 interface (308). 

5. A telecommunication apparatus according to claim 1, characterized in that it 
also comprises a multiplexing block (510, 607) to make adaptations between the 
traffic and control channels of the cellular radio system and traffic and control 
channels of the public switched telephone network. 
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6. A telecommunication apparatus according to claim 1 , characterized in that it 
is a base transceiver station (500). 

7. A telecommunication apparatus according to claim 1, characterized in that it 
is a base station controller (600). 

5 8. A base station subsystem in a cellular radio system, comprising 

-as telecommunication apparatus, base transceiver stations (201, 301/ 302, 303, 
304, 301', 304', 401, 402, 403, 404) and a base station controller (202, 306, 405) 
and 

- a transmission system (203, 305, 406) to realize data communication between the 
10 telecommunication apparatus, 

where each telecommunication apparatus comprises a transmission unit (307, 506, 
603) to connect it to a transmission system^ 

characterized in that it comprises in at least two telecommunication apparatus an 
interface (204, 308, 5Q8, 605) to a_ public. switched telephone- network (205; 509) in 

15 order to realize data communication between these two telecommunication appara- 
tus, whereby these two telecommunication apparatus, as regards their mutual: com- 
munication, are adapted, so as to function in at least two mutually alternative states 
., (701, 702, 703) in the first of which (701) a connection between, these two tele- 
communication apparatus via the public switched telephone network is not in use, 

20 and in the second state of which (702, 703) ;a connection between these two tele- 
communication apparatus via the public switched telephone network is in use. 

9. A base station subsystem according to claim 8, characterized in that it com- 
prises in at least two telecommunication apparatus an ISDN interface (204, 308, 
508, 605). 

25 10. A base station subsystem according to claim 9, characterized in that it com- 
prises in at least one base transceiver station and in the base station controller an 
ISDN basic-rate interface (204). 

11. A base station subsystem according to claim 9, characterized in that it com- 
prises in at least one base transceiver station an ISDN basic-rate interface (204) and 

30 in the base station controller an ISDN system interface (308). 

12. A base station subsystem according to claim 9, characterized in that it com- 
prises in at least one base transceiver station and in the base station controller an 
ISDN system interface (308). 
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.13. A method for realizing data communication in a cellular radio system's base 
station subsystem which comprises 

-as telecommunication apparatus, base transceiver stations (201, 301, 302, 303, 
304, 301', 304', 401, 402, 403, 404) and a base station controller (202, 306, 405) 
5 and 

- a transmission system (203, 305, 406) to realize data communication between the 
telecommunication apparatus, 

where each telecommunication apparatus comprises a transmission unit (307, 506, 
603) to connect it to a transmission system, 

10 characterized in that the functional state of the mutual communication of at least 
two telecommunication apparatus is switched between at least two mutually alter- 
native states (701, 702, 703) in the first of which (701) there is no communications 
link between these two telecommunication apparatus via a public switched tele- 
phone network, and in the second of which (702, 703) there is a communications 

15 link between these two telecommunication apparatus via a public switched tele- 
phone network., : 

14. A method according to claim 13, characterized in that said two telecommuni- 
cation apparatus are a base transceiver station and base station controller, whereby 

- in the first state (701), data are transferred between the base transceiver station and 
20 base station controller via the transmission system but not via the public switched 

telephone network, and 

- in the second state (702), data are transferred between the base transceiver station 
and base station controller both via the transmission system and via the public 
switched telephone network, 

25 whereby the transition from the first state to the second state occurs in response to 
an observation indicating that the amount of data transferred via the transmission 
system exceeds a certain first limit value, and the transition from the second state to 
the first state occurs in response to an observation indicating that the total amount of 
data transferred via the transmission, system and public switched telephone network 

30 remains below a certain second limit value. 

15. A method according to claim 13, characterized in that said two telecommuni- 
cation apparatus are a base transceiver station and base station controller, and their 
mutual communication also comprises a third functional state (703), whereby 

- in the first state (701), data are transferred between the base transceiver station and 
35 base station controller via the transmission system but not via the public switched 

telephone network, 
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- in the second state (702), data are transferred between the base transceiver station 
and base station controller both via the transmission system and via the public 
switched telephone network, and 

- in the third state (703)* data are transferred between the base transceiver station 
5 and base station controller via the public switched telephone network but not via the 

transmission system, 
whereby 

- transition from the first state to the second state occurs in response to an observa- 
tion indicating that the amount of data . transferred via the transmission system ex- 

10 ceeds a certain first limit value, 

- transition from the second state to the first state occurs in response to an observa- 
tion indicating that the total amount of data transferred via the transmission system 
and public switched telephone network remains below a certain second limit value, 

- transition to the third state occurs in response to an observation indicating that data 
15 transfer via the transmission system is disrupted, and 

- transition from the third state to the first state occurs in response to an observation 
indicating that data transfer via the transmission system has been restored. 

16. A method according to claim 13, characterized in that said two telecommuni- 
cation apparatus are a base transceiver station and base station controller, whereby 
20 - in the first state (701), data are transferred between the base transceiver station and 
base station controller via the transmission system but riot via the public switched 
telephone network, and 

- in the second state (703), data are transferred between the base transceiver station 
and base station controller via the public switched telephone network but riot via the 

25 transmission system, 1 
whereby 

- transition from the first state to the second state occurs in response to an observa- 
tion indicating that data transfer via the transmission system has been disrupted, and 

- transition from the second state, to the first state occurs in response to an observa- 
30 tion indicating that data transfer via the transmission system has been restored. 
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